Objectives: Relatively little is known about socioeconomic predictors of cognitive health among middle-aged and elderly Indians. The primary objective of this study was to examine the extent to which education and income influence cognitive functioning after adjusting for demographic characteristics, health risk factors and transgenerational factors such as parental education. The study also examined gender disparities in cognitive functioning across geographic regions in India.
InTRODucTIOn
Population ageing is becoming a global issue and will have a major impact on health-care systems worldwide. According to the World Health Organization (WHO), three quarters of the estimated 1.2 billion people aged 60 years or older will be living in developing countries by the year 2025. 1, 2 With the ageing of the world's population, age-related diseases, including dementia, are increasingly prevalent in the developing world and are affecting more than 50% of the global elderly population. India is one of the developing countries experiencing a rapid demographic and epidemiologic transition. The proportion of India's population aged 60 or older is projected to increase from 7.7% in 2010 to 18 .3% in 2050, according to the United Nations Department of Economic and Social Affairs Population Division. 3 Therefore, the risk of dementia should also increase. [4] [5] [6] Poor cognitive status is a risk factor for dementia, yet we have limited knowledge about factors that trigger poor cognitive functioning among older adults in India. 1 Most studies on cognitive ageing in India have included small community-based samples, which raises the question of generalizability of the findings. Therefore, there is a need for larger nationally representative population-based studies for a better understating of the predictors of cognitive functioning among older Indians. Using the WHO Study on Global Ageing and Adult Health (SAGE) data, this study aims to address this gap.
Research in developed countries has emphasized the role of education and wealth on cognitive health among older adults. [7] [8] [9] [10] More importantly, these studies consistently find strong positive relationships between higher education and improved cognitive functioning. These associations were observed regardless of the outcome measures of cognitive functioning. Other socioeconomic factors such as income and wealth are also found to be strong predictors of cognitive functioning among older adults in developed countries. 7, [10] [11] [12] This study sought to examine the cognitive health of older Indians using cross-sectional data from the SAGE Wave 1 (2007) (2008) (2009) (2010) .
The objectives of the present study are to investigate (a) if a higher level of education and per-capita household income would each be associated with a greater overall cognitive score, adjusting for other socioeconomic factors, early life factors, health risk behaviours, and chronic ill-health; (b) whether or not there are gender disparities in cognitive functioning; and (c) how geographical differences affect cognitive functioning in India.
mETHODs

Data sources
The analysis was performed using data from Wave 1 of SAGE. 13 The SAGE was implemented as a face-to-face household survey using a stratified multistage cluster design to allow each household and respondent to be assigned a known nonzero probability of selection. SAGE was designed to be a longitudinal panel survey to collect information on the health and well-being of middle-aged and older adults and on the ageing process. SAGE collects data on individuals aged 50 years or older from nationally representative samples of six countries: China, Ghana, India, Mexico, Russia Federation and South Africa. The SAGE survey instruments were adapted from those used by WHO and other surveys on ageing, including the United States Health and Retirement Survey (HRS) and the United Kingdom English Longitudinal Study of Ageing (ELSA). The description of the SAGE survey and a detailed discussion are available elsewhere. 14 The current analysis focused on the SAGE Wave 1 survey from India that was conducted during 2007-2010. The survey was fielded in six states (Assam, Karnataka, Maharashtra, Rajasthan, Uttar Pradesh and West Bengal) selected to capture geographic variations as well as socioeconomic and cultural differences across India. The primary sampling units (PSU) were stratified across urban and rural areas in each state to capture socioeconomic differences and lifestyle behaviours. SAGE randomly sampled 10 424 households from the stratified PSUs and collected data primarily on individuals aged 50 years or older within the household.
The SAGE multi-country survey includes questions about demographic, economic, social, behavioural as well as physical and cognitive health. Face-to-face interviews were conducted in India (2007) (2008) . The sample in India was representative of subnational and substate levels for the six selected states. The survey consisted of two sets of questionnaires: the household questionnaire and the individual questionnaire. The household questionnaire collected information on household income, expenditure, consumption, assets and debts. It was considered that any household member over the age of 18 would be able to provide this information. The response rate for the household questionnaire was 77%. The individual questionnaire included only age-eligible (aged 50 or above) household members and their spouses. The individual questionnaire also included proxy respondents with the response rate of 88%. A total of 7750 individuals aged 50 years or older from 4473 unique households were included in the target sample. The individual sample was then further reduced by excluding the proxy as well as missing respondents (n=264). The final study sample included 6786 adults (3423 males, 3363 females) aged 50 or above.
measures
Outcome variable: measures of cognitive function
The SAGE Wave 1 survey administered tests to measure cognitive performance against objective indicators of various aspects of cognition. The cognitive tests described below were intended to measure the cognitive domains most affected by impairment, i.e. immediate memory, concentration and attention.
Episodic memory
Episodic memory was tested by the immediate and delayed verbal recall method where respondents were read 10 words which were repeated three times to saturate the learning curve.
To test delayed recall, respondents were asked to recall the words after some time. Episodic memory as measured by verbal recall was defined as the average number of words recalled, and assessed learning capacity, memory storage and memory retrieval. 15, 16 Global cognitive function Two tests were administered to assess global cognitive function: digit span subtests 17 and a verbal fluency test. 18 The digit span test was utilized to measure working memory. A series of number sequences was presented and the respondent was asked to reproduce the exact same sequence. In the second portion, the respondent was asked to repeat the sequence backwards. Following a correct recall, longer sequences were given until failure. The maximum score for the forward digit count was 9 with a range of 0-9; the score for the backward digit count ranged from 0-8 and a summary score, created by adding forward and backward counting scores, ranged from 0-17. Respondents were given a maximum of two trials; if they failed to specify correctly the number sequence after two trials, the interviewer stopped asking questions regarding digit counting and the respondent received a score of zero.
The verbal fluency test measured respondents' ability to retrieve information from semantic memory. This was a oneminute assessment in which respondents were asked to name as many animals as they could. The verbal fluency score was defined by the number of correctly named animals. Repeated names were not counted.
The overall cognitive score was obtained by adding scores of verbal recall, digit counting and verbal fluency tests, converted to a scale of 0 (worst cognition) to 100 (best cognition).
Main explanatory variables
The primary independent covariates of interest were years of completed education and per-capita household income. Education was measured using the following categories: no formal education, primary or completed secondary school, and completed high school or above. Per-capita household income was used as a measure of economic status. In the SAGE survey, household income information could be provided by any ageeligible respondent (i.e. 18 years or older) and this information was included only in the household questionnaire, not in the individual questionnaire. For the purpose of the current study, per-capita income was constructed by dividing the total household income by the number of individual members who depended on that income.
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Additional explanatory variables
Chronic ill-health and health behaviour
Several measures of chronic ill-health and health behaviours were considered in the analysis. These measures included: (1) indicators of underweight based on body mass index (BMI) that have been consistently used in developing countries; (2) physical activity, tobacco and alcohol use, and consumption of fruit and vegetables; (3) self-reported measures of subjective health, cardiovascular status based on self-reported medical conditions and biomarker assessments to capture variances in health among respondents.
Respondents with BMI < 18.5 were classified as underweight; 18.5-24.9 as normal weight; 25-29.9 as overweight; and BMI of 30 or over as obese.
Self-reported subjective health was based on the responses of very good, good, moderate, bad and very bad health status. A binary variable indicating self-reported good health status (very good and good health) was included in the analysis. A binary variable indicating self-reported diagnosis by a health professional for heart disease, stroke, high blood pressure and diabetes was created to measure cardiovascular health status. These self-reported measures were based on the following question: "Have you ever been told by a health professional that you had [a stroke, angina (heart disease), diabetes, or high blood pressure]?" Whenever possible, biomarker information was supplemented to define the presence or absence of certain chronic conditions in the sample. For example, systolic and diastolic blood pressure readings were taken three times for each respondent in addition to the self-reported information on hypertension diagnosis. Based on the biomarker measure, if respondents had average systolic readings over 140 mmHg and average diastolic readings over 90 mmHg, they were considered to have hypertension (or high blood pressure). 19 In the regression model, a binary variable indicating the presence of any of the self-reported conditions (stroke, angina, diabetes) or a biomarker measure of hypertension, was defined as poor cardiovascular status.
Health behaviour was measured by tobacco and alcohol use, physical activity and diet. The current smoking status was based on the self-report of smoking behaviour. The majority of respondents who reported ever-smoking also reported smoking currently and thus limited the inclusion of past smoking status in the analysis. Smoking activity included the use of tobacco, cigarettes, chewing tobacco, pipes, or cigars. Alcohol drinking was measured by a binary variable indicating whether the respondent currently drank alcohol.
Physical activity was measured using the General Practice Physical Activity Questionnaire. 20 The instrument captures information on physical activity on three domains: activity at work, travel to and from places, and recreation. For the purpose of this study, physical activity at work and for recreation were considered since the questionnaire assessed vigorous and moderate activities in these two areas. The number of days in a week on different activities as well as time spent on each activity were recorded. To classify the level of physical activity, total minutes of activity and activity volume weighted by energy requirement in metabolic equivalents (MET) for each type of activity were calculated. Total MET activity volume per week was calculated by multiplying the time spent on each activity during the week by the MET values of each level of activity. MET values of 4 for moderate physical activity and 8 for vigorous physical activity were used to calculate MET energy consumption. 20 Total physical activity was calculated by the sum of total moderate and vigorous activities at work and for recreation per week. Respondents were categorized into low, medium and high levels of physical activity based on the number of days and total physical activity MET minutes per week. Respondents were classified into the high physical activity group if vigorous intensity activity on ≥ 3 days achieved 1500 MET minutes per week; or if ≥ 7 days of any combination of moderate or vigorous intensity activities achieved ≥ 3000 MET minutes per week. Moderate intensity was defined as not meeting the criteria for 'high' intensity, but meeting any of the following: ≥ 3 days of vigorous intensity activity of ≥ 20 minutes per day; ≥ 5 days of moderate intensity activity of ≥ 30 minutes per day; or ≥ 5 days of any combination of moderate or vigorous intensity activities, achieving ≥ 600 MET minutes per week. Finally, respondents were categorized into the low physical activity group if they did not meet criteria for high or moderate activity levels.
Healthy diet was measured by determining the number of servings of fruit or vegetables in a typical day that the respondent had eaten over the past 12 months of the survey.
Although evidence suggests that cognitive performances tend to decline after hospitalization, 21 this was not controlled in the analysis because there was no significant bivariate relationship between overnight hospitalization and cognitive performance scores among sample members.
Geographic residence
Respondents were grouped based on the geographic location of the states where they lived: southern (Karnataka), northern (Uttar Pradesh, Rajasthan), western (Maharashtra) and eastern (Assam and West Bengal). To examine gender disparity across states, interactions between gender and state variables were also included in the model since there is evidence that females in northern Indian states face socioeconomic disadvantages and experience poor health outcomes.
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Early life characteristics
The SAGE survey captures the characteristics of respondents' early life that are associated with cognitive performance in later life. Examples of these are parental education and occupation, and the area where they lived. This study used two early life conditions: parental education (both father's and mother's completed education) and where they lived. Due to a high proportion of missing values for the father's occupation, this variable was not used in the analysis. While a father's education is an indicator of a respondent's childhood socioeconomic status (as education is associated with occupation and hence income), a mother's education is assumed to influence health in later life through positive health-seeking behaviour. Parental education was grouped into three categories: no formal education; completed primary education, and secondary education.
The second variable that captured early life disadvantage was whether respondents lived in a rural or urban area during childhood. 23 Due to limited access to health-care services, children living in rural areas are likely to have poorer health status, which may have a long-term impact on cognitive health in later age.
Demographic and other socioeconomic characteristics
A set of demographic variables such as age, gender, caste and marital status was included in the analyses. Castes were grouped according to respondents who belonged to scheduled castes, scheduled tribes, or any other caste affiliation. Caste was measured based on respondents' self-identification of affiliation. Scheduled castes and scheduled tribes are considered the most disadvantaged in traditional Indian society. Scheduled castes are socially segregated and economically disadvantaged by their lower status in the traditional Hindu caste hierarchy. 24 Scheduled tribes are geographically isolated with limited economic and social interaction with the rest of the population. Other cases, known as backward classes, are less stigmatized than scheduled castes or tribes, but these individuals also are in lower socioeconomic groups due to barriers in education and earning opportunities. 24 In the empirical analysis, an indicator variable of whether respondents were from a scheduled caste was included. Social engagement was measured by asking respondents how often they had engaged in various social activities in the preceding 12 months (e.g. attended any group, club, society, union or organizational meeting). Response options ranged from 1 (never) to 5 (daily). For the purpose of the study, responses were recoded to 0 (never) and (4) daily. The total score for this variable was obtained by accumulating individual scores with the range from 0-35, where a higher score indicates better social engagement.
Finally, respondents' occupation was classified into three categories: professional, sales or clerical, and manual labour, based on the International Standard Classification of Occupation code ISCO-88 used in the SAGE survey. 25 The analysis included a binary variable to indicate if information on the respondent's occupation was missing in the study sample. All explanatory variables except per-capita household income came from the individual questionnaire.
AnALYsIs
Multivariate linear regression models were used to examine the impacts of education and income influencing cognitive functions among older Indians. Because of the clustered design of the sample, robust variance estimates (Huber-White sandwich estimator) are reported for the correction of standard errors to adjust for the correlation among responses within the same household. 26 The generalized estimating equation technique was used to estimate the regression model accounting for correlation of responses within the same household as described by Liang and Zegar. participants (84%) was lower than secondary school and a large proportion of individuals in the northern region (69%) had no formal school education compared with other regions. A significantly higher proportion of females (67%) than males (33%) had no formal education, which may indicate gender disparity in accessing formal education in India. Almost three quarters (75%) lived in rural areas. On average, males had a higher cognitive performance score than females (29 versus 25) and the mean difference of overall performance was statistically significant based on one-way analysis of variance analysis.
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REsuLTs
sample characteristics
More men than women were current alcohol and tobacco users, but a higher proportion of women (62%) engaged in high and medium levels of physical activity than men (54%). The prevalence of chronic health conditions were quantitatively similar in both groups, except a higher percentage of women (19%) than men (14%) were diagnosed with hypertension, and 25% of men had depression compared with 22% of women. No difference in average per-capita income was observed between men and women in the sample.
Predictors of cognitive functioning
In the bivariate analysis, a higher overall cognitive performance score was positively associated with the following indicators: primary/secondary level education or higher, per-capita income, male gender, younger age, being married, having a professional occupation, residing in an urban area and in a northern region, high or moderate physical activity, high fruit and vegetable consumption, optimal weight, no history of depression, self-report of a good or very good subjective health status, high social engagement, and having parents with primary education.
In the multivariate analysis, higher overall cognitive functioning was positively correlated with primary/secondary level education or higher, per-capita income, male gender, younger age, being married, high or moderate physical activity, no history of depression, normal weight, high fruit and vegetable consumption, high social engagement, and having a mother with primary education. Table 2 presents bivariate associations of education and percapita income on the overall cognitive performance score, and the multivariate regression results after accounting for confounding factors that might significantly influence the relationship of education and per-capita income with cognitive function. The QIC (quasi-likelihood under the independence model criterion) statistic proposed by Pan 29 was used to assess the 'goodness of fit' of all regression models. The QIC is similar to Akaike's Information Criteria for likelihood-based models. Adjusting for important individual characteristics, education significantly predicted the overall cognitive performance score. Compared with no formal education, respondents with primary or secondary education, and higher secondary or college education scored 3.8 and 6 points higher respectively.
Per-capita household income was positively associated with the overall cognitive performance score. For example, respondents in per-capita income quartiles above 75%, 50-75% and 25-50% scored 1.8, 1.0 and 0.4 respectively higher than respondents in the lowest per-capita income quartile (below 25%).
Among chronic health conditions, respondents with depression had a lower performance score (1.3 point less) than individuals with no history of depression. Regular physical activity, BMI, and fruit and vegetable consumption were found to be significantly associated with overall cognitive performance. For example, individuals engaged in a high or medium level of regular physical exercise scored 1.6 and 1.2 points more respectively on overall cognitive functioning compared with those engaged in low physical activity. Being underweight or obese scored 0.9 and 4.4 points respectively less in cognitive functioning than those who had normal weight. Finally, higher fruit and vegetable consumption was associated with an increased points score of 0.3 in the overall cognitive performance test.
Among early life characteristics, parental education was found to be a significant predictor of overall cognitive functioning in the national sample of adults aged ≥ 50 years. For example, respondents whose father had no formal education scored 1.2 points less than those whose father had at least secondary education, and respondents whose mother had completed primary education scored 1.3 points higher in the overall cognitive functioning test.
Gender disparities and regional differences in cognitive functioning were observed. For example, individuals residing in northern regions scored 1.9 points more than individuals in other regions, while women scored 0.5 points less than men in the overall cognitive performance test. Furthermore, women in northern states performed the worst (scored 1.9 points less) compared with women in other regions.
Among other demographic characteristics, marital status and occupation were significantly correlated with overall cognitive functioning. For example, married individuals had 0.8 points higher than those who were never married, divorced, widowed or separated, and those engaged in a professional occupation scored 1.6 points more than respondents in other occupations. Finally, respondents engaged in many social activities performed better in overall cognitive functioning.
DIscussIOn
In a national sample of middle-aged and older adults, the current study found that higher education and higher per-capita income were independently associated with a greater cognitive functioning score. Consistent with other studies, 7, 10, 20, [30] [31] the current article found that education had a strong and significant impact on cognitive performance in later life. After adjusting for a set of individual characteristics such as current income, it is suggested that education and socioeconomic measures are not interchangeable in regard to overall cognitive functioning. Advantages of education are that it may support brain reserves and contribute to understanding and mentally stimulating activities throughout life. Examining correlates of cognitive functioning such as father's education or respondents' occupation, this study provides strong evidence of the unique contribution of education and current per-capita income towards a positive cognitive status in later life in Indians. However, the mechanism by which education contributes to cognitive health still needs further investigation. This mechanism may be the educational process, mental stimulation, a healthy lifestyle, or a combination of these factors that helps to maintain cognitive health in later life. 32 Furthermore, the magnitude of the impact of education and per-capita income highlights the leading role that education plays in influencing cognitive function in later life.
Gender disparities in overall cognitive functioning are evident in the growing body of literature on cognitive health in developing countries, which shows that women perform worse than men on a variety of cognitive measures. [33] [34] This contrasts the observation in developed countries that women outperform men. [35] [36] Consistent with other studies, the current study found evidence that parental education made a significant independent contribution to respondents' overall cognitive functioning.
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Modifiable lifestyle-related factors such as physical activity and fruit and vegetable consumption also contributed to overall cognitive functioning. The rate of respondents' acknowledgement of depression indicates that poor psychological and mental health experienced by middle-aged and older Indians may sap cognitive reserves required for good memory functioning.
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Limitations
The current study has some limitations that merit discussion. First, the SAGE survey relied on the self-reporting of health variables such as chronic disease (depression, self-rated health, and cardiovascular conditions) and lifestyle-related behaviours (tobacco or alcohol use, physical activity). These variables should be interpreted with caution. Second, information on per-capita income was obtained only from age-eligible members in the household and therefore may be subject to reporting bias. This bias could be due to the fact that household income earners might not necessarily be those who reported income in the household survey. However, given that income and asset information in the SAGE survey are available only at the household level, these variables had to be converted to the individual level to account for the number of household members for the individual-level analysis. About 35% of household members who reported household income were the main income earners; therefore, the per-capita income variable might also be subject to a reporting bias. Finally, given that the present study was based on data collected in a cross-sectional survey, causality cannot be ascribed to any of the associated factors in the study.
Despite these limitations, the current study makes a positive contribution to the emerging literature on effects of education and per-capita household income on cognitive function in older Indians. While previous findings on cognitive functioning in this age group were limited to small and geographically restricted samples, 15, 16 this study expands our understanding of how education and income impact different dimensions of cognitive functioning among older Indians. It also examines the extent to which results can be compared with similar studies in high-income countries using population-based data sources such as the United States Health and Retirement study 40 and the English Longitudinal Study on Ageing. 41 Finally, this study takes advantage of a large nationally representative sample from economically and geographically diverse Indian states to quantify the relative importance of education and income on cognitive functioning among middle-aged and older adults in India. Further studies utilizing longitudinal data and focusing on factors over the life span could help us better understand mechanisms by which education and income influence not only current cognitive function but cognitive trajectory over time. Policies directed towards greater educational opportunities, particularly for women in northern Indian states, or wellness programmes promoting regular physical activity, may have potential to improve cognitive well-being among middle-aged and older Indians.
